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Showy ornaments are considered as outcomes of sexual selection processes. They
provide a “badge of status” to impress conspecific rivals or potential mating partners.
Single ornaments may signal attractiveness or individual quality, yet many species display
multiple ornaments. There are several hypotheses that explain the existence of multiple
ornaments, suggesting that different ornaments serve as different information sources.
They may provide either additive or redundant information on the same quality traits, or
are simply evolutionary leftovers with no further relevant information. Although, females
of many species display elaborated traits, most studies regarding multiple ornaments
focus on males. However, given that in many species females also display multiple
ornaments, the question about their functional significance arises. To understand the
existence of female multiple ornaments we investigated ornamental features of female
Superb Fairy-wrens (Malurus cyaneus), focusing on song and variation in plumage
characteristics. Female Superb Fairy-wrens produce complex solo songs, for territorial
defense, and have bright blue tail feathers. We examined the relationships between
song and plumage coloration characteristics in relation to female quality parameters
to investigate whether, and to what extent existing hypotheses on multiple ornaments
in males may also apply to females. Based on song recordings and spectrometric
measurements of UV-coloration of tail feathers, we derived a series of different song
and plumage parameters. Our results indicate interrelationships between the song length
(total number of elements in female song) and female body size, but not UV-coloration.
Interestingly, song complexity (number of different elements in female song) did not
correlate with morphological parameters, UV-Chroma and song length, respectively. This
suggests that (i) song and plumage characteristics evolved independently and (ii) even
within one trait, namely song, multiple signaling should be considered. To our knowledge,
this is the first study investigating multiple traits in female songbirds, raising the idea that
multiple signaling of sexually selected traits is not restricted to males only.
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INTRODUCTION
Showy plumage characteristics and elaborated song in passerines
are known to be typical male traits, shaped by sexual selection
(Andersson, 1994). There is strong evidence that both traits
signal individual quality and are therefore involved in mate
choice, as well as competitive interactions (Burley, 1986; Searcy
and Andersson, 1986; Andersson, 1994; Nowicki and Searcy,
2004; Hoi and Griggio, 2008). However, the expression of
colorful plumage and elaborated song is not restricted to males;
females can also display these traits (Webb et al., 2016). As
previously stated by Langmore (1998) and Amundsen (2000)
this phenomenon has largely been ignored until recently and
these traits were either regarded as being the consequence of
genetic correlation with male ornamentation, functionless, or a
result of physiological abnormalities (Lande, 1980; Amundsen,
2000). However, a growing number of studies focused on the
evolution of female ornamentation, including plumage and song
characteristics (Amundsen et al., 1997; Langmore, 1997, 1998;
Amundsen, 2000; Garamszegi et al., 2007; Doutrelant et al., 2008;
Mahr et al., 2012; Tobias et al., 2012; Webb et al., 2016).
Several studies have revealed that female choice can be based
on several different traits that signal male quality, such as
morphological and behavioral traits (Burley, 1981; Johnstone,
1996; Lozano, 2009; Dolnik and Hoi, 2010; Hoi and Griggio,
2012). Multiple traits may (i) act as amplifiers by offering
the same information, (ii) have an additive effect whereby the
information of several traits complement each other or, (iii)
provide different information e.g., about different qualities of
the bearer (Burley, 1981; Grafen, 1990; Zuk et al., 1990, 1992;
Johnstone, 1995, 1996; Marchetti, 1998; Rivera-Gutierrez et al.,
2010). For example bird song and plumage are traits that
can signal the same or different information and both traits
are driven by sexual selection in males and females (Lande,
1980; Andersson, 1994; Amundsen et al., 1997; Langmore,
1998; Amundsen, 2000; Ball and MacDougall-Shackleton, 2001;
Garamszegi et al., 2007; Hegyi et al., 2007, 2008; Cardoso and Hu,
2011). However, the interaction between both traits has hardly
been investigated in females (Garamszegi et al., 2007; Webb et al.,
2016).
Although, song and plumage traits may carry the same
information, these traits can act on different time and spatial
scales (Taff et al., 2012). Song usually acts as a long distance signal
whereas plumage ornaments act as a short distance signal. When
both signals carry the same information, one would predict a
positive relationship in the expression of the traits. Alternatively,
the expression of both ornamental features might underlie
different mechanisms and require different preconditions to
maintain an honest signaling function. Furthermore, different
production costs may arise, which may consequently represent
different qualities. In this case, one would predict that trade-offs
between both traits could result in either negative correlations
between traits or independent development of different traits, like
song and plumage characteristics. However, to our knowledge
this trade-off has only been investigated on a phylogenetic scale
(Badyaev et al., 2002; Mason et al., 2014; Soma and Garamszegi,
2015).
Whether this also applies to females has, to our knowledge,
only been investigated in two comparative studies, focusing on
song and plumage development in passerine species. Garamszegi
et al. (2007) suggested that singing behavior often occurs in the
presence of carotenoid based ornamentation, which is supported
by very recent findings from Webb et al. (2016). This positive
association might indicate that both traits are generally used in
a similar or the same functional context and hence carry the
same information content. Nevertheless, only a few case studies
examined the interaction between both traits within breeding
populations in male songbirds (Møller et al., 1998; Chiver et al.,
2008; Taff et al., 2012), and to our knowledge, no study on
female birds exists so far. In this study we used the female
Superb Fairy-wren (Malurus cyaneus) to examine (i) the signaling
function of song characteristics and plumage coloration and (ii)
the interaction between these two female ornamental features.
To determine whether these ornaments reflect female quality we
used female body size and body condition as covariates.
The Superb Fairy-wren is an ideal model species to answer our
questions because both males and females sing solo chatter songs
year-round for territorial defense (Cooney and Cockburn, 1995;
Cain and Langmore, 2015), and the structure and complexity of
female chatter song is similar to male chatter song (Kleindorfer
et al., 2013). Mate attraction may be a secondary function of
male chatter song (Dalziell and Cockburn, 2008), but to our
knowledge there is no study investigating whether this function
applies to female song. In contrast to song, Superb Fairy-wrens
have a strong sexual plumage dichromatism.Whereas males have
bright blue plumage, females are more cryptic, displaying only
an orange lore and a blue tail that reflects in the UV range (own
data represented in the Supplementary Material). Maluridae are
sensitive to UV and females frequently wave their tail during
foraging and social interactions (own unpublished data). This
raises the question whether the UV reflecting tail of females is
a sexually selected trait (Ödeen et al., 2012).
Previous studies demonstrated a decrease of UV reflectance in
worn feathers and from dust accumulation (Örnborg et al., 2002;
Zampiga et al., 2004; Griggio et al., 2010, 2011). There is a trade-
off between the removal of ectoparasites and dirt from feathers,
preening and activities like foraging or increased vigilance
against predators (Redpath, 1988; Cucco and Malacarne, 1997;
Shawkey et al., 2003; Kapun et al., 2011; Moreno-Rueda and Hoi,
2012). Interestingly there is evidence that similar mechanisms
also apply to song features, in particular song rate, which
is regarded as a highly variable trait depending on current
physiological condition and time of the reproductive cycle (Gil
and Gahr, 2002). Therefore, both plumage maintenance and
singing behavior force individuals into a trade-off that individuals
in poorer condition cannot afford, being forced to invest either
more in one or equally, but less in both traits (Andersson et al.,
2002).
In many songbird species, song complexity is regarded as
stable over the year. The ability to produce complex songs can
be an honest signal of quality, because during the development
of the neural song system, the expression of neuronal structures
and development of the syringeal muscles can be affected by early
developmental stress such as under-nourishment (Nowicki et al.,
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2000; Spencer et al., 2003; Buchanan et al., 2004; Nowicki and
Searcy, 2004). Hence, in contrast to plumage characteristics, song
complexity can be regarded as less sensitive toward the change of
individual condition after the crystallization and determination
of singing behavior (Gil and Gahr, 2002).
Our study focuses on the relationship between song
complexity and the number of elements females are using (rather
than song rate) and UV-reflectance in the blue tail-feathers
of female Superb Fairy-wrens. Given both traits may provide
different information the question arises whether females use
multiple traits to signal quality and condition to male and female
conspecifics. Studies investigating relationships betweenmultiple
traits within populations are rare and to our knowledge this is
the first study focusing on the relationship between features of
song, plumage coloration, and morphological traits in a female
passerine.
METHODS
Study Sites
The study was carried out during the breeding season between
September and November 2012 and 2013 at three study sites
on Kangaroo Island: Flinders Chase National Park (35◦54′S,
136◦47′E), Vivonne Bay Conservation Park (36◦00′S, 137◦09′E),
and Kelly Hill Conservation Park (35◦97′S, 136◦90′E) and at
two study sites on the mainland in South Australia (SA):
Cleland Wildlife Conservation Park (35◦05′S, 138◦41′E) and
Newlandhead Conservation Park (35◦37′S, 138◦29′E). All study
sites and territories were chosen on the basis of long term
monitoring of Superb Fairy-wren populations, conducted by the
BirdLab at Flinders University (Colombelli-Négrel et al., 2010;
Kleindorfer et al., 2013).
General Methods
All birds were caught with mist-nets using conspecific playback
stimuli and banded with numbered aluminum rings provided by
Australian Bird and Bat Banding Scheme (ABBBS) and a unique
combination of darvic color rings. Standard measurements of the
flattened wing chord length and tail length (to the nearest 0.5
mm) were taken with a ruler, whereas bill length was measured
with a caliper (peak to skull, to the nearest 0.1 mm). Body mass
was recorded to the nearest 0.1 g.
The research was approved by the AnimalWelfare Committee
of Flinders University (permit numbers E312 and E386). Permit
to undertake scientific research in SA was granted by SA
Department of Environment, Water and Natural resources
(permit number Z24699-9). All birds were banded under permit
number 2601 from the Australian Bird and Bat Banding Scheme.
To assess whether song complexity or plumage coloration is
related to female quality, we used female size and body-condition
as a determinant of female intrinsic quality and conducted
a principal component analyses on these traits (detailed
descriptions are attached in the Supplementary Material). Body
condition was determined by using residuals of body mass not
explained by size (tarsus length; detailed descriptions are attached
in the Supplementary Material).
Only fertile females were included in the analyses to control
for variation in singing behavior due to reproductive state.
Fertility status was verified according to the following three
parameters: (i) development of the brood patch (not fully
developed), (ii) nest building status (females were considered
fertile until the first egg was laid), and (iii) sexual behavior
patterns (copulatory behavior, male display, female solicitation
behavior; Mulder, 1992 in Cooney and Cockburn, 1995).
Song Recordings and Analyses
Solo songs of color-banded birds occur naturally between 08:00
and 12:00 h (after the dawn chorus) and were recorded from
a distance between 5 and 15m using a parabolic microphone
(Telinga Microphones, Sweden) connected to a portable Sound
Devices 722 digital audio recorder (Sound Devices LCC, U.S.A).
All sound files were recorded as broadcast wave files (24 bit
48 kHz).
Recordings were transcribed to an Apple MacPro (Apple
Corporation, U.S.A) and edited with Amadeus Pro 2.1.2
(Hairersoft Inc, Switzerland). Spectrograms were created using
Raven 1.5 on the Hann algorithm display type (filter bandwidth
270 Hz, size 256 samples, time grid overlap 50%, grid resolution
2.67 ms, 188 Hz, DFT 256 samples). Only songs that could
be confidently assigned to observed color-banded females were
analyzed. In total, 82 songs from 28 females were analyzed. For
each song, we measured the total number of elements per song
(“song length”), and the number of different elements per song
(“song complexity”). We define a song as a complex vocalization
composed of several different element types (as described by
Langmore andMulder, 1992), and defined an element in the song
as a single, continuous trace on a spectrogram. We categorized
the different element types according to previously classified
element types (A, F, O, P, Q, R, T, U, V, W) developed by
Langmore and Mulder (1992), Colombelli-Négrel et al. (2010),
Kleindorfer et al. (2013), and Evans and Kleindorfer (2016), and
newly identified element types (FL, H, K, L, Z, ZN). For the
analysis we determined the element frequency per song as (i) the
total number of elements per song (we refer to this variable as
“song length”), and (ii) the number of different element types per
song (we refer to this variable as “song complexity”).
Spectrometry
We measured the tail coloration of females (N = 41), using a
JAZ-2000 spectrophotometer and a Xenon-pulsed light source,
connected through a bifurcated fiber-optic probe (Ocean Optics,
Eerbek, Netherlands). To exclude disturbance by outer light
sources and to ensure a standardized distance and angle (90◦),
a black rubber cylinder was fitted to the top of the probe. Before
each measurement the spectrophotometer was recalibrated using
a standard white (Avantes, Eerbek, Netherlands); for calibration
of black the probe was removed from the light source and the
cap of the plug closed (Mahr et al., 2012). Standard descriptors
of reflectance spectra were used for quantification of colors.
Measurements were taken from five areas on the tail feathers.
Calculations were carried out for reflectance in the 320–700 nm
range, which is regarded as visual spectrum of most passerine
species (Hill and McGraw, 2006). To quantify the UV-reflectance
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of the blue tail we chose a commonly used variable, namely
UV-Chroma (Johnsen et al., 2005; Griggio et al., 2010; Mahr
et al., 2012), which is defined as proportion of UV-reflectance on
total reflectance (UV:R320–R415/R320–R700; Hill and McGraw,
2006).
Statistical Analyses
To test for the relationships between song length and
morphological parameters and plumage characteristics we
applied a General Linear Mixed Effects Model (GLMM).
Song complexity was analyzed using a Generalized Linear
Mixed Effects Model (GZLMM) with a Poisson-distribution as
model residuals did not achieve normal distribution even after
transformation. Both initial models included UV-Chroma, size,
and condition as covariates. As Kangaroo Island and mainland
populations are considered to represent different subspecies, we
included study site (“location”) in all the initial models as a
fixed factor to assess local variation in morphology and ornament
expression (Dudaniec et al., 2011; Kleindorfer et al., 2013). Also,
all the initial models included the interaction between UV-
Chroma and location as well as body-size and location because
we aimed to test for differences between the populations in
regard to UV-Chroma and body-size. Female ID was included
as random factor to control for non-independence of multiple
measurements from the same female. We had to exclude six
females from the analyses since there was not sufficient data
available.
The relation between morphological parameters and plumage
characteristics was tested separately, due to a difference in the
sample size. Analyses were carried out using a General Linear
Model (GLM). This GLM included the factor location and the
covariates condition, size and the interaction of condition and
size. UV-Chroma and condition can show variation during the
breeding season, therefore we also included capture month into
the GLM. Since the analyses revealed no significant effects of
capture date on UV-Chroma and condition, this factor was not
included in the GLMM and GZLMM.
We tested for a correlation between song length and
complexity using a Spearman’s rank correlation test. Song length
and complexity were not correlated (Spearman’s rank correlation:
ρ = 0.14, S = 0.45, p = 0.24), thus we treated these variables
independently.
All statistical analyses were performed using “R” (version
2.14.1; R Development Core Team, 2011). We implemented
linear mixed effects models using the “lme” function of the
“nlme” package. All models were conducted using stepwise
forward and backward introduction of terms. Beginning with the
interactions, non-significant terms were step by step eliminated
from the model. Each eliminated term was re-entered in
the final model to obtain statistics (Grafen and Hails, 2002;
Engqvist, 2005). In addition to model selection based on p-
values we performed model averaging using AIC to assess
comparability and reliability of both methods. AIC model
averaging was implemented using the “model.avg” function of
the “MuMIn” package. No differences in the significant results
became apparent, and details on the results frommodel averaging
based on AIC-values can be found in the Supplemental Material.
RESULTS
The GLM revealed no significant differences in UV coloration
between mainland and island populations [mainland: N = 18,
island: N = 23; F(1, 40) = 2.29, p = 0.13], furthermore no
significant effect ofmonth of capture was found on plumage color
[F(1, 37) = 0.87, p= 0.46]. Female size was not related to plumage
[F(1, 39) = 0.72, p= 0.40], and no relation between UV coloration
and female condition was detectable [F(1, 39) = 0.18, p = 0.67].
Also, there were no significant interactions between location and
body size [F(1, 39) = 0.15, p = 0.70] or month and condition
[F(1, 39) = 0.84, p= 0.48].
Female song length was neither related to her condition
[Mainland: N = 13, Island: N = 9; GLMM: F(1, 17) = 1.93,
p = 0.18] nor to her UV-Chroma [GLMM: F(1, 19) = 0.07,
p= 0.79]. Also, the interaction of both variables turned out to be
non-significant [GLMM: F(1, 18) = 0.06, p = 0.95]. Interestingly
though, we found that study site predicted female song length
as females from Kangaroo Island produced significantly longer
songs compared to females from mainland populations [GLMM:
F(1, 20) = 10.79, p < 0.01; Figure 1]. Also, we found a significant
interaction effect of study site and female size on song length
[GLMM: F(1, 20) = 5.66, p = 0.03]: Larger females produce
longer songs compared to smaller ones, though this effect is
only evident on Kangaroo Island (see Figure 2). We found no
significant main effect of female size on song length [GLMM:
F(1, 20) = 0.81, p= 0.38].
In contrast to song length, song complexity did not differ
significantly between study sites (mainland: N = 13, island:
N = 9; GZLMM: β ± SE = −0.19 ± 0.11, z = −1.69, p =
0.09), though this effect was only marginally non-significant.
Female size (GZLMM: β ± SE = −0.08 ± 0.05, z = 1.58, p
= 0.11) and the interaction between female size and study site
(GZLMM: β ± SE = 0.03 ± 0.13, z = 0.21, p = 0.83) turned out
to have no significant relationship with song complexity. Also,
female condition (GZLMM: β± SE=−0.003± 0.01, z =−0.26,
p = 0.79), UV-Chroma (GZLMM: β ± SE = −0.80 ± 1.04, z =
−0.77, p = 0.44) and the interaction between UV-Chroma and
FIGURE 1 | Boxplot of female song length originating from Mainland or
Island populations.
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FIGURE 2 | Relationship between female size and song length in
mainland (black circles and solid line; R2 = 0.04) and island (white
circles and dashed line; R2 = 0.44) populations.
study site (GZLMM: β ± SE = 1.44 ± 3.37, z = 0.42, p = 0.67)
showed no significant relationship with song complexity.
DISCUSSION
Our results show no relationship between plumage
ornamentation and song characteristics in female Superb
Fairy-wrens, but we revealed a positive relationship between the
song length (total number of elements females produce per song)
and body-size in females of the Kangaroo Island sub-species.
Thus, female Superb Fairy-wrens that sing songs composed of
more elements are bigger than females with shorter songs.
In our study populations, the average number of elements
varies dramatically between females (between 16 and 50 elements
per song). Some females produce more than twice the number of
elements than others, which reveals strong individual differences
in song strophe length. Consequently for fertile female Superb
Fairy-wrens song length may possibly act as a signal for
conspecifics to indicate quality. Our results also suggest that
songs produced by females of the Kangaroo Island subspecies
are significantly longer. These results are in line with previous
findings by Kleindorfer et al. (2013), possibly indicating selection
processes favoring the production of longer songs within the
island population.
Hence, given that size can be an indicator of condition during
early development, our results imply that song might act as an
honest signal and underlies sexual selection processes in female
Superb Fairy-wrens. The idea that female song signals individual
quality is supported by earlier studies in Superb Fairy-wrens
and New Zealand bellbirds (Anthornis melanura), indicating
that female song performance (song rate and song complexity)
predicts reproductive success (Cain et al., 2015; Brunton et al.,
2016).
There are several explanations for why song length in female
Superb Fairy-wrens could be an honest signal (Martin-Vivaldi
et al., 1998; Farrell et al., 2012; Ferrer et al., 2015). First
the production of longer songs is energetically demanding
and requires certain physiological preconditions, since it forces
females into a trade-off between allocating energy resources
toward singing or other activities (Gil and Gahr, 2002). Secondly,
the primary function of female song in Superb Fairy-wrens is
suggested to be resource defense (Cooney and Cockburn, 1995;
Cain and Langmore, 2015). In this context song length might be
an indicator for the ability of an individual to defend resources.
Finally, very recent findings (Kleindorfer et al., 2016), support
the idea, that singing behavior in female Superb Fairy-wrens can
also be costly in terms of increased nest-predation. Even though
the study by Kleindorfer et al. (2016) refers to song rate rather
than song length, onemight expect that females producing longer
songs may also face higher predation risk by exposing themselves
toward predators.
Interestingly, the relationship between size and song length
only applies to females from the Kangaroo Island subspecies,
but not to females from the mainland populations. However,
due to the low sample size, this result has to be treated with
caution. A possible explanation for this result could be that
Superb Fairy-wrens are in general considered to be long-lived
and maintain long-term territories over several years. Stable
territories like on the mainland may imply a reduced necessity
of intense territorial behavior. In contrast some Superb Fairy-
wren populations on Kangaroo Island have been affected by
severe bushfires in 2007 (Peace et al., 2011). Within the last
years the population started to recover and the number of
breeding pairs is increasing in this region. One might assume
that individuals face increasing competition from new intruders.
Therefore, more competitive individuals, with the ability to
maintain larger territories and therefore more resources, should
be favored by selection processes. Given that song can be
perceived over longer distance and indicates body-size, female
song length might signal competitive abilities toward neighbors
and intruders (Searcy et al., 2008). Therefore, singing behavior
might primarily be of importance to continuously communicate
dominance and prevent actual intrusion. Given that, due to
natural reestablishment of breeding populations, Kangaroo
Island birds might face more frequent encounters with intruders
and investment into signals indicating quality might be beneficial
to retain breeding sites. Furthermore, this idea is in line with
previous findings from Cooney and Cockburn (1995), who
demonstrated that female song-rate increased when territories
were newly established.
Female song length might also serve as a quality indicator for
male conspecifics (Amundsen, 2000). Even though clutch size
might not be affected by body size, as females lay a maximum
of three eggs per clutch in our population (own observation),
choosing bigger females might provide other direct and indirect
benefits to males. Size parameters can affect performance in
foraging and territorial defense and, as previously mentioned,
size can act as indicator for better condition during early
development and might signal good genetic quality (Johnson,
1987; Amundsen et al., 1997; Amundsen, 2000). However, given
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that Superb Fairy-wrens are known to have the highest number
of extra pair fertilizations within passerines (Double et al., 1997)
and song acts as a signal over long distances, females might
also signal quality to possible extra-pair mating partners. The
recruitment of extra-pair fertilizations might in turn enhance
female reproductive success by increasing genetic variability in
the offspring (Andersson, 1994).
Our analyses further reveal that song complexity and song
length are not correlated, raising the question of whether both
song features signal different quality traits and carry multiple
signaling functions. However, song complexity, which has been
shown to be an important male song feature for many species
(Gil and Gahr, 2002), seems to play only a minor role for
female Superb Fairy-wrens. In our study, female song complexity
does not reflect female condition or size, nor, in contrast to
song length, varies significantly between populations, which has
already been shown by previous studies (Dudaniec et al., 2011;
Kleindorfer et al., 2013). Furthermore, female song complexity
is not related to UV-reflectance of the tail feathers. Also the low
variation in song complexity (between three and eight different
elements) in comparison to the average number of elements
between individual females points toward an inferior role in
sexual selection. In previous studies it has been suggested that
in some species male repertoire size (e.g., number of elements
or songs males produce) does not predict pairing success and
therefore plays a minor role in selection processes (Catchpole,
1986; Gil andGahr, 2002; Byers andKroodsma, 2009). Thismight
also apply to female song complexity in Superb Fairy-wrens.
Nevertheless, it has to be considered that female song complexity
reflects quality parameters not recorded in this study.
Whereas a relationship between ornamental features and song
performance has been found in interspecific comparisons for
female songbirds (Garamszegi et al., 2007; Webb et al., 2016),
our results indicate that there is no relationship between UV-
Chroma and song features in female Superb Fairy-wrens. This
indicates that both traits have evolved independently, rather than
co-evolved.
However, it has to be considered that both studies did not
examine relationships between song performance and plumage
coloration within populations and Garamszegi et al. (2007)
focused on carotenoid based plumage features (Garamszegi et al.,
2007; Webb et al., 2016). Unlike carotenoid based coloration,
UV-coloration is due to melanin based coloration and keratin
structure (Prum, 2006). Since these two types of plumage
ornaments underlie different physiological mechanisms, they
may underlie different selection processes.
UV-Chroma is known to reflect condition of individuals,
since the maintenance of UV-reflectance is time consuming and
might further result in a trade-off between preening and e.g.,
parental activities or vigilance behavior (Redpath, 1988; Cucco
and Malacarne, 1997; Shawkey et al., 2003). In this context, we
expected a correlation between UV-Chroma and condition, but
this particular prediction was not supported by our results. One
possible explanation might be that the UV-coloration of the
plumage is determined by the condition during molt, as shown
in male Superb Fairy-wrens (Mulder and Magrath, 1994).
In summary, this is one of the first studies investigating
multiple signals in a female songbird, suggesting that plumage
features and song performance might underlie different selection
processes. Our study revealed that song length is related to a
trait reflecting quality and supports the idea of song as a sexually
selected trait in female passerines (Cain et al., 2015; Kleindorfer
et al., 2016). Our data provides new information on female song
and plumage ornaments and more importantly, it extends our
understanding of singing behavior in female songbirds.
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